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Recent results in study of the Minimal Supersymmetric Standard Model as the eective
low energy theory give important hints for experimental search for supersymmetry. Also,
in the bottom - up approach to explore weak scale - GUT scale connection, they constrain
strongly physics at the GUT scale. Several theoretical ideas about the GUT physics are
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1 INTRODUCTION
Soon after the Wess-Zumino paper [1], attempts have been made to nd realistic applications
of supersymmetry to particle physics [2]. Those models use the mechanism of spontaneous
breaking of supersymmetry and it turned out that this was the main obstacle for construct-
ing a realistic extension of the standard electroweak theory [3]. Therefore, attention has been
moved towards explicit but soft breaking of supersymmetry [4, 5, 6] and in 1981 a phenomeno-
logical model has been proposed [4] which forms the basis of what is now called the Minimal
Supersymmetric Standard Model (MSSM). It has been paralleled by a systematic study of soft
global supersymmetry breaking [6] and soon appeared very important papers on the possibility
of supergravitational origin of the soft mass terms [7].
The main two aspects of the MSSM are:
(I) MSSM as the eective low energy theory which addresses the "hierachy problem"[8]
( the soft supersymmetry breaking scale is a physical cut-o to the Standard Model (SM)) and
provides phenomenologically viable extension of the SM. The three underlying assumptions
which dene the model are:
(a) Minimal particle content consistent with the observed particle spectrum and with
supersymmetry;
(b) R-parity conservation;
(c) Most general soft supersymmetry breaking terms consistent with the SM gauge group
and with constraints from the observed suppresion of FCNC.
In addition to those assumptions the inherent part of the MSSM is the expectation that
the superpartner masses are < O(1 TeV); otherwise the original motivation for the MSSM
disappears.
(II) MSSM as the framework to study weak scale - GUT (string) scale connection.
This aspect of the model has been strongly emphasized in the early papers [9, 4, 5,
10]. Here the additional basic assumption is that the MSSM is the correct theory up to the
GUT (string) scale [11]. That means, in particular, that physics remains perturbative up
to those scales (but, possibly, with non-perturbative regime around the Planck scale). One
way to explore the weak scale - GUT scale connection is the bottom - up phenomenological
approach in which we use the available experimental information together with those few general
assumptions to search for the underlying theory at very large scales. Within the MSSM,
weak scale - GUT scale connection can be studied in a fully quantitative way, with high scale
parameters unambigously connected to low energy observables. One should also stress that weak
scale - GUT scale connection is a very natural (by easing the hierachy problem supersymmetry
paves the road to Grand Unication) and most desirable (large number of free parametrs - many
soft terms - should have its explanation in very high energy physics) aspect of the MSSM. This
approach is certainly a useful supplement (and constraint!) to the top down one.
Recent results in study of the Minimal Supersymmetric Standard Model as the eective
low energy theory give important hints for experimental search for supersymmetry. Also,
in the bottom - up approach to explore weak scale - GUT scale connection, they constrain
strongly physics at the GUT scale. Several theoretical ideas about the GUT physics are in
stunning agreement with the low energy data.
2 MSSM AS THE LOW ENERGY EFFECTIVE THE-
ORY
The outstanding low energy signatures of the MSSM is the Higgs sector and the superpartner
spectrum. Not only supersymmetry provides a rationale for the Higgs mechanism but it is
also well known that the mass of the lightest Higgs boson is strongly constrained (due to
supersymmetry and the minimal particle content there is no independent Higgs boson self-
coupling in the model; Higgs boson self-interaction originates only from the D-terms and it is
xed in terms of the gauge couplings)
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Very important one-loop corrections [12] (the second term on the rhs of eq.(1)) increase the
bound signicantly above the tree level bound (for heavy top quark and M
SUSY
 O(1 TeV))
but do not change qualitative conclusions. The non-renormalization theorem assures that the
corrections are nite and depend only logarithmically on the soft supersymmetry breaking
scale. Accurate numerical estimates for the supersymmetric Higgs boson mass (important for
the planned experiments) as a function of m
t
, M
SUSY
and the L-R mixing include now also
two-loop corrections [13] which partially cancel the large one-loop eect.
It is instructive to look at the SM as a heavy superpartner limit of the MSSM in which
sparticles decouple from the electroweak observables (in practice, this occurs for masses >
(300   400) GeV). What do we learn about the Higgs sector then?
The SM ts to the precision electroweak data [14, 15, 16, 17, 18, 19] send us two important
messages. First, they conrm the electroweak symmetry breaking by the Higgs mechanism with
few per mille accuracy! Second, they give some evidence (although not yet fully satisfactory
from the statistical point of view) for a light Higgs boson. The usual strategy is as follows: in
terms of the best measured observables G
F
, 
EM
and M
Z
one calculates the observables M
W
,
all partial widths of Z
0
and all asymmetries at the Z
0
pole. The value of the top quark mass
from the Fermilab measurements can also be included in the t. The SM calculation of the
electroweak observables is performed with one loop accuracy and with the leading higher order
eects also included. The parameters m
t
, M
h
and 
s
(M
Z
) are determined by a t. The best
t to the spring 95 LEP data [18], the SLAC result for the leptonic eective Weinberg angle
[20], M
W
= 80:33  0:17 GeV [21] , m
t
= (181  12) GeV [22] and with the up-dated value
of 
hadr
EM
= 0:0280  0:0007 [23] gives [24]:
x
(for the sake of later discussion in version B we
include in the t the low energy measurement of 
s
[26]: 
s
(M
Z
) = 0:112  0:005).
Table 1. Results of a t in the SM. All masses in GeV.
t m
t
m
t
M
h
M
h

s
(M
Z
) 
s
(M
Z
) 
2
d.o.f
A 171.3
+11:5
 9:7
66
+117
 45
0.123 0.005 12.6 12
B 172.0
+10:5
 9:3
59
+96
 37
0.120 0.005 15.5 13
We can interpret the SM ts as the MSSM ts with all superpartners heavy enough to be
decoupled. Supersymmetry then just provides a rationale for a light Higgs boson: M
h
 O(100
GeV). We can, therefore, expect that the MSSM with heavy enough superpartners gives as
x
Those results agree very well with another recent t [25].
good a t to the precision electroweak data as the SM , with m
t
 170 180 GeV (depending
slightly on the value of tan). This is seen in Fig.1b where we show the 
2
values in the
MSSM with the proper dependence of M
h
on m
t
, tan  and SUSY parameters included,
with tted m
t
and 
s
(M
Z
) and with all SUSY mass parameters xed at 500 GeV. The 
2
values in the minima are very closed to the SM three parameter (m
t
, M
h
, 
s
(M
Z
)) t.
Figure 1: a) 1 and 2 contours in the SM (open lines are for a t without R
b
and m
t
included); b) 
2
in the
MSSM with heavy superpartners (solid and dashed lines) compared with the SM (dotted and dashed-dotted
lines); upper curves are always for version B.
Although the SM t and the MSSM t with heavy superpartners are globally good, it is
worth observing that about 70% of the contribution to the overall 
2
comes from the single
variable R
b
=  
Z!bb
= 
h
which remains almost 3 higher than the theoretical prediction. This
deviation of the measured R
b
from the SM predition (i.e. of  
Z!bb
, as the total hadronic width
 
h
is independently determined from other LEP measurements) has one very interesting aspect
when correlated with the tted value of 
s
[27, 17, 28]. The SM ts give 
s
= 0:123  0:005
and this result essentially follows from the t to the experimental value of  
h
where
 
Th
h
=  
Th
h;EW
(1 +

s
(M
2
Z
)

+ :::) (2)
(the QCD corrections and the electroweak contributions to  
h
factorize to a good approxima-
tion). For the SM value of  
Th
h;EM
one needs 
s
(M
Z
)  0:123 to t the measured value of  
h
.
It is somewhat larger then the value obtained from low energy data [26].
{
(It is interesting to
repeat the SM t with the low energy measurement [26] 
s
(M
Z
) = 0:112 0:005 included in
{
One can argue that the determination of 
s
(M
Z
) based on the deep inelastic (Euclidean) analysis is more
precise than from the experiments in the Minkowskean region (jet physics,  decays). Low value of 
s
(M
Z
)
is also consistent with lattice calculation and has some theoretical support (for review of all those points see
M.Shifman, ref.[28]). So, with proper attention to the unsettled controversy and to the fact that jet physics
and  decays give larger values, we are going to explore the assumption that the low energy determination of

s
(M
Z
) is the correct one.
the t. Those results are also shown in in Table 1 (case B). The parameters of the t remain
unaltered but the overall 
2
is larger by  3.) If however, we assume some new physics in
 
Z!bb
and perform the SM t to the dierence  
h
  
Z!bb
then the result for the central value
of 
s
reads 
s
(M
Z
)  0:11! in much better agreement with the low energy results.
k
Thus it is conceivable that the measurement of R
b
is not just a statistical uctuation but
an evidence for new physics and it is very interesting to perform a global t to the electroweak
observables in the MSSM with supersymmetric masses kept as free parameters. In particular
we can ask the following two questions [30, 31, 24]:
a) can we improve R
b
without destroying the excellent t to the other observables?
b) if we achieve this goal, what are the predictions for sparticle masses?
Precision tests of the MSSM have been discussed by several groups [33, 34, 15, 35, 36,
32]. In particular, rst global t to the electroweak data within the MSSM parametrized in
terms of few parameters at the GUT scale is given in ref. [34]. In ref. [35] the so called 
i
parametrization is used and the r^ole of light superpartners is studied in some detail. Here we
present the results of a global t to the electroweak observables with, for the rst time, all
the (relevant) low energy parameters of the MSSM treated as independent variables in the t
[30, 24]. The set of low energy parameters suggested by the precision data may give interesting
hints on physics at the GUT scale.
The strategy is analogous to the one used for the SM and the calculation is performed
in the on{shell renormalization scheme [37] and with the same precision as the analogous
calculation in the SM, i.e. with all supersymmetric oblique and process dependent one{loop
corrections [38, 39], and also the leading higher order eects included.
Although the MSSM contains many free SUSY parameters several of them are irrelevant.
In ref.[24] the tted parameters are: m
t
, 
s
(M
Z
), tan , M
A
, , M
g2
( M
g1
=
(5=3) tan
2
M
g2
; it is of little importance for the results of the t but xes the parameters of
the lightest supersymmetric particle LSP), M
~
b
L
, M
~
b
R
, M
~
t
R
, A
b
, A
t
and M
~
l
L
(a common
mass for all left handed sleptons). The gluino mass, the rst two generation squark masses
and the right handed slepton masses are irrelevant for the t and are always kept heavy. For
details we refer the reader to ref.[24] (see also [31] for low tan  and [49, 50] for large tan 
results). The main point is that in the MSSM the electroweak observables exhibit certain
"decoupling": all of them but R
b
are sensitive mainly to the left-handed slepton and squark
masses and depend weakly on the right-handed sfermion masses and on the gaugino and Higgs
sectors; on the contrary, R
b
depends strongly just on the latter set of variables [40, 41] and
very weakly on the former. We can then indeed expect to increase the value of R
b
(particulary
in the low and very large tan  region [42] without destroying the perfect t of the SM to the
other observables[30, 31, 24]. However, chargino, right-handed stop and charged Higgs boson
masses are also crucial variables for the decay b ! s and this constraint has to be included
[43, 44, 24]. In general, one obtains acceptable BR(b! s) due to cancellations between W
+
,
H
+
, 
+
and
~
t
R
loops.
k
New electroweak data have been presented at the International Europhysics Conference on High Energy
Physics (Brussels, 27 July { 2 August, 1995). The main change are the values of R
b
and R
c
: R
b
=
0:2219 0:0017, R
c
= 0:1543 0:0074. Since identication of the c quarks is more dicult than of the b
quarks, the experimental groups also present the value of R
b
= 0:22060:0016 obtained under the assumption
that R
c
is xed to its SM value R
c
= 0:172. The results discussed in this talk remain unchanged if we adopt
the latter value of R
b
and disregard the new value of R
c
as unreliable. The MSSM cannot explain any
signicant departure of R
c
from the SM prediction [29].
Table 2. Results of a t in the MSSM.
t tan  m
t

s
(M
Z
) 
2
R
b
A IR 178
+5
 8
0:116
+0:006
 0:004
10.3 0.218
B IR 177
+4
 6
0:114
+0:004
 0:003
10.6 0.218
A m
t
=m
b
172
+8
 7
0:114  0:005 10.2 0.219
B m
t
=m
b
174
+6
 7:3
0:113  0:004 10.2 0.219
Let us present some quantitative results[24]. The best t is obtained in two regions of very
low (close to the quasi{IR xed point for a given top quark mass, see e.g. [45] and references
therein) and very large ( m
t
=m
b
) tan  values ( for early discussion of large tan  region
see [47]) and is summarized in Table 2 (versions A and B are, as before, without and with the
low energy value 
s
(M
Z
) = 0:112  0:005 in the t; the quality of the t is similar in both
cases as the MSSM t to the electroweak data alone (case A) gives low value of 
s
). We recall
(see Fig.1b) that in the t with all superpartners heavy the best 
2
values read: 
2
= 13(16),
for tan  = 1:4 and 
2
= 13:3(16), for tan  = 50 for ts without (with) low energy value
for 
s
included.
Figure 2: Upper bounds on the sparticle masses.
Increase of  
Z!

bb
requires light stop and chargino (for low values of tan ) or light
CP odd scalar and/or chargino and stop for large tan  and it is bounded from above by the
experimental lower limits on the masses of those particles. A light and dominantly right-handed
stop is obtained for M
~
t
L
>> M
~
t
R
and large L-R mixing. The ts give upper bounds on the
light stop, chargino and CP-odd Higgs boson masses. In version A, when 
s
runs free and is
tted only to the electroweak data, the best t is better than the corresponding t with all
superpartners heavy by only 
2
 3 (but then 
s
(M
Z
) = 0:123). So, we obtain strong upper
bounds at 1 level but no 95% C.L. limits. They are shown in Fig.2a and 2b (dotted lines)
for the stop and chargino masses in the low tan  region and for the pseudoscalar and chargino
masses in the large tan  region, respectively. Stronger bounds are obtained in version B of the
ts, i.e. with the low energy value of 
s
(M
Z
) included in the ts. They are shown in the same
Figures (solid lines). The strongest bounds are obtained when 
s
(M
Z
) is xed to its best t
value. The dependence of the strength of the bounds on the way we treat 
s
in our ts is quite
obvious from the earlier discussion of the depth of the minima in 
2
. Thus, relying on the low
energy measurements of 
s
one predicts at 95% C.L. those particles to be within the reach of
LEP2.
Furthemore, the parameter space selected by the t is interesting from the theoretical
point of view. Low and large values of tan  are theoretically most appealing [45, 47].
The hierarchy M
~
t
L
> M
~
t
R
which is necessary for a good t in the low tan  region can
be viewed as a natural eect of the top quark Yukawa coupling in the renormalization group
running from the GUT scale. For a good t in the large tan region this hierarchy is less
pronounced, in agreement with Y
t
 Y
b
. Finally, the hierarchy  << M
g2
(i.e. higgsino{like
lightest neutralino and chargino) is inconsistent with the mechanism of radiative electroweak
symmetry breaking and universal boundary conditions for the scalar masses at the GUT scale
in the minimal supergravity model. However, it is predicted in models with certain pattern
of non{universal boundary conditions [48]. In the next section we explore in more detail this
weak scale GUT scale connection in the framework of the MSSM. We shall see that several
theoretical ideas are in stunning agreement with those low energy results.
3 WEAK SCALE - GUT SCALE CONNECTION IN
MSSM
Among the most important issues there are:
1. supersymmetric grand unication;
2. onset of non-perturbative physics (xed point structures in the low energy theory);
3. theory of avour:
a) fermion masses;
b) origin and pattern of soft supersymmetry
breaking and its low energy implications.
3.1 GAUGE COUPLING UNIFICATION
The gauge coupling unication [51] within the MSSM has been widely publicized as a
successful prediction of SUSY-GUTs [9, 4, 10, 52, 53, 54]. It is also often discussed in the
context of stringy unication, with M
ST
 4 10
17
GeV [56, 57, 55, 58, 59, 60, 61]. Recently,
we witness some progress in the quantitave study of the running of the gauge couplings in the
MSSM due to proper inclusion of all low energy eects, such as the best precision of the input
parameters at the electroweak scale and the non-leading contribution from the superparnter
thresholds.
The unication idea is predictive with respect to the behaviour of the SU(3)SU(2)U(1)
gauge couplings if physics at the GUT scale is described in terms of only two parameters: 
U
and M
U
(minimal unication). Then we can predict e.g. 
s
(M
Z
) in terms of 
EM
(M
Z
) and
sin
2

W
(M
Z
). Here we mean the coupling constants dened in the SM which, we assume, is the
correct renormalizable theory at the electroweak scale. The value of 
EM
(M
Z
) is obtained from
the on-shell 
OS
EM
= 1=137:0359895(61) via the RG running, with :01% uncertainty due to the
continuous hadronic contribution to the photon propagator and with logarithmic dependence
on the top quark mass. The most precise value of sin
2

W
(M
Z
) in the SM is at present obtained
from its calculation in terms of G

, M
Z
, 
EM
and the top quark and Higgs boson masses (it
is worth remembering that sin
2

W
(M
Z
) and 
s
(M
Z
) are known with 0.1% and 10% accuracy,
respectively).
More precisely, the prediction for the strong coupling constant in addition depends on
the superpartner spectrum which will be, hopefully, known from experiment. For now, these
are free parameters but, fortunately, the dependence of the prediction for 
s
(M
Z
) on the su-
persymmetric spectrum can be described to a very good approximation by a single eective
parameter, T
SUSY
[53, 45]. Thus, we get

s
(M
Z
) = f(G

;M
Z
; 
EM
;m
t
;M
h
; T
SUSY
) (3)
where [45]
T
SUSY
= jj
 
m
~
W
m
~g
!
3
2
 
M
~
l
M
~q
!
3
19
 
M
A
0
jj
!
3
19
 
m
~
W
jj
!
4
19
(4)
We observe that the eective scale T
SUSY
depends strongly on the values of  and of the ratio
m
~
W
to m
~g
but very weakly on the values of the squarks and slepton masses. Two comments
are in order here:
1. The eective parametrization of the supersymmetric thresholds in the equation for 
s
(M
Z
)
in terms of T
SUSY
is exact for one-loop RGE; with two-loop equations there is some (very
weak) dependence on the details of the spectrum through the dependence of M
GUT
on
the spectrum.
2. So far, we have assumed the SM to be the correct eective theory at the electroweak
scale. That is, we have neglected all non-renormalizable remnants of the MSSM (i.e.
higher dimension operators supressed as O(M
Z
=m
SUSY
)) in the procedure of extracting
sin
2

W
(M
Z
) from the data. This approximation (Leading Logarithmic Threshold ap-
proximation) may easily be inadequate if some superpartner masses are of the order of
M
Z
[62]. Proper inclusion of those non-leading eects has been recently accomplished in
a series of papers [63, 64, 65] (by working directly in the MSSM at the electroweak scale)
and they can contribute up to 1% correction to the input value of sin
2

W
(M
Z
). This is
a very large correction from the point of view of the prediction for 
s
. The non-leading
corrections to sin
2

W
are negative (this can be traced back to the additional sources of
the custodial SU(2)
V
breaking in the contributions to the  parameter) and, therefore,
tend to increase the predicted value of 
s
. One should stress, however, that the magni-
tude of those eects strongly depends on the details of the spectrum. The corrections are
large with light left-handed squarks and sleptons of the third generation (they give large
additional SU(2)
V
breaking contribution to ) but almost absent (in spite of very small
T
SUSY
) for the spectrum obtained from the best t to the electroweak data discussed in
Section 2, i.e. with very light higgsino and the right-handed squarks and with M
~
t
L
signif-
icantly larger than M
~
t
R
[63].

Of course, with non-logarithmic corrections included, 
s
is no longer a function of the single parameter T
SUSY
which, however, remains a useful
variable for the presentation of the results.
The predictions [63, 66] for the strong coupling constant in this minimal unication sce-
nario are shown in Fig.3. The results of the leading logarithmic approximation (solid lines) for

I am grateful to C.Wagner for an interesting discussion of this point.
the superpartner thresholds (i.e. obtained with two-loop RGE and with successive decoupling
of each superpartner at its threshold in the one-loop -functions) are compared with the full
calculation (markers), with complete one-loop threshold corrections included. For the purpose
of illustration in Fig.3a a superpartner spectrum which is generic for the minimal supergravity
model with radiative breaking and universal boundary conditions for the soft scalar masses at
the GUT scale [67] is used and in Fig.3b - a spectrum from the best t to the electroweak data
(see Section 2).
From Fig.3 one can draw several conclusions: Firstly, small T
SUSY
gives large values of

s
. For e.g. T
SUSY
< 300 GeV , 
s
is predicted to be above 0.123 (0.121) for m
t
= 180(160)
GeV. For 
s
< 0:113 we need T
SUSY
> 1 TeV. It should be stressed that in GUT's, we have
the relation
m
~
W
m
~g


2
(M
Z
)

3
(M
Z
)
and T
SUSY
 jj
 

2
(M
Z
)

3
(M
Z
)
!
3
2

1
7
 (5)
Thus, T
SUSY
300 GeV (1 TeV) corresponds to  2 TeV (7 TeV). In models with radiative
electroweak breaking the  parameter is correlated, for proper Higgs potential, with the soft
parameters which determine the sfermion masses and large  implies squark masses of the same
order of magnitude (but not vice versa!). Of course, it is easy to have large T
SUSY
with small
 if M
~
W
=M
~g
>> 1. However, it is dicult to imagine such a dramatic modication of relation
(5), unless the motivation for the minimal unication of couplings in the MSSM disappears (at
least as long as the SUSY breaking mechanism is gauge independent).
Figure 3: Predictions for 
s
(M
Z
) from minimal unication: ]a)for m
t
= 180 GeV, tan = 10 with a generic
spectrum from the minimal supergravity model, b)for m
t
= 180 GeV, tan  = 1:6 with the spectra from the
best electroweak ts.
Secondly, the non-leading threshold corrections substantially increase the predicted value
of 
s
(M
Z
) for T
SUSY
< 100 GeV if the spectrum contains light left-handed sfermions, which
is generically the case in models with radiative electroweak breaking and universal boundary
conditions at the GUT scale. However, such corrections are small even for T
SUSY
20 GeV
with the spectra suggested by the best t to the electroweak data and obtained in models with
certain pattern of non-universal boundary conditions (see later).
The minimal unication may be too restrictive as it is generally expected that there are
non-negligible GUT/string scale corrections to the running of the gauge couplings (such as heavy
threshold and higher dimension operator eects). Then, strictly speaking, any predictivity is
lost (at least highly model dependent). However, it is still very interesting to reverse the
problem: take the values of all the three couplings at M
Z
as input parameters and use the
bottom - up approach to study the convergence of the couplings in the framework of the
MSSM. With the same precision calculation and as a function of the supersymmetric spectrum
one can, then, discuss the mismatch of the couplings at any scale of interest and for any value of

s
(M
Z
), within its 10% experimental uncertainty. It is convenient to introduce the "mismatch"
parameters at the scale Q:
D
i
(Q) =

i
(Q)  
2
(Q)

2
(Q)
(6)
Of particular interest are D
3
(M
GUT
), where M
GUT
is dened as the scale of unication of the
SU(2)xSU(1) couplings, and D
i
(M
ST
), i = 1; 3, where the string scale M
ST
= 4  10
17
GeV.
Clearly, we get this way constraints on physics at the high scale, if it is supposed to have
unication of couplings and the MSSM as the low energy eective theory.
Figure 4: Mismatch of the couplings for m
t
= 180 GeV a)at the unication scale dened by 
1
(Q) = 
2
(Q)
and as a function of T
SUSY
; solid lines - leading logarithmic thresholds, squares and crosses - full calculation
with the spectra as in Fig.3, b)at the string scale as a function of 
s
; straight lines - leading logarithmic results
for T
SUSY
= 300 GeV, 1 TeV, 5 TeV (bottom-up), markers-full calculation with dierent spectra.
We see from Fig.4 that in the bottom - up running the couplings do unify within a few
percent accuracy even for low 
s
(M
Z
) and small values of T
SUSY
. Is this mismatch a lot or a
little depends on the GUT model and the expected magnitude of the GUT scale corrections in
it [68, 69, 70, 71, 72, 65]. The mismatch of the couplings at the string scale is factor 2-3 larger
(we assume here that the running of the couplings remains up to the string scale unaected by
new physics; this may not be true (see the next Section)) and it cannot be eliminated by any
sensible superpartner spectrum. String unication requires, therefore, large string threshold
corrections which conspire to give the eective unication scale  3  10
16
. The scenario with

1
and 
2
unied by treating the Kac-Moody level k
1
as a free parameter is not particularly
helpful with regard to the coupling unication at M
ST
(and rather uneconomical).
3.2 INFRA { RED FIXED POINT STRUCTURE
The idea of Grand Unication is based on perturbative physics at least up to the unica-
tion scale M
GUT
 2  10
16
GeV or even to the Planck scale M
P l
 2:4  10
18
GeV. There are,
however, several reasons to expect that physics may become non-perturbative at the scale close
to M
P l
. It is very interesting that this may have its low energy manifestation. A hint in this
direction comes from the top quark mass which is stunningly close to its so-called quasi-infra-
red xed point value. The Yukawa couplings may be determined in terms of a gauge coupling
through the infra-red xed point structure [73].
We recall the xed point structure of the top quark Yukawa coupling Y
t
(Y
t
= h
2
t
=4) in
the MSSM. Ignoring the smaller electroweak couplings, Y
t
is related to the QCD coupling. We
have (t =
1
2
log
M
GUT
Q
):
dY
t
dt
= Y
t
(b
t

s
  c
t
Y
t
); 
s
=
g
2
3
4
(7)
d
s
dt
=  b
g

2
s
(8)
with the xed point solution for the ratio Y
t
=
s
[73]:
Y
F
t
(t) =
b
t
+ b
g
c
t

s
(t) (9)
(in the MSSM b
g
=  3; b
t
= 16=3; c
t
= 6).
One can also solve eqs.(7,8) explicitly [74]:
Y
t
(t) =
Y
t
(0)E(t)
1 + c
t
Y
t
(0)F (t)
(10)
with
E(t) =
"

s
(0)

s
(t)
#
b
t
b
g
; F (t) =
Z
t
0
E(t
0
)dt
0
(11)
It may happen that Y
F
t
(t) is not reached because of a too short a running but, nevertheless,
c
t
Y
t
(0)F (t) >> 1 and
Y
t
(t)  Y
QF
t
(t) =
E(t)
c
t
F (t)
(12)
i.e. the low energy value of Y
t
no longer depends on the initial value Y
t
(0). This is called the
quasi-infra-red xed point solution [75] and we have:
Y
QF
t
(t) = Y
F
t
(t)
1
1 
h

s
(t)

s
(0)
i
1+
b
t
b
g
(13)
This situation indeed occurs in the MSSM (for b
g
; b
t
; c
t
of the MSSM) for Y
t
(0)  O(1) i.e.
for the initial value still in the perturbative regime! Thus, not only Y
QF
t
(M
Z
) is an upper bound
for Y
t
(M
Z
) but it can be reached at the limit of perturbative physics [76]. The quasi-infra-red
xed point prediction for the running top quark mass in the

MS scheme, for 
s
(M
Z
)= 0.11-0.13
and small and moderate values of tan  is approximately given by (see e.g. [36]):
m
QF
t
(m
t
)  196GeV [1 + 2(
s
(M
Z
)  0:12)] sin  (14)
The physical top quark mass (pole mass) is obtained by including QCD corrections which
contribute O(10 GeV) to the nal result. Similar expression may also be found in the large
tan  region in which both top and bottom Yukawa couplins are large.
yy
In the numerical
calculation two-loop RG equations are used. It is clear that the experimental value of m
t
 180
GeV is very close to its perturbative upper bound in the MSSM. To know how close, we need
to know tan  but one is tempted to speculate that m
t
 m
QF
t
and then it is easy to check
that tan must be either very small or very large. Large values of tan  m
t
=m
b
have been
independently discussed for some time as a solution to the m
t
=m
b
hierachy [47, 81], particularly
in the framework of SO(10) [47, 78]. It is also worth recalling that the low energy ts favour
very low or very large values of tan , too (Section 2).
An interesting observation is that the GUT assumption about unication of the bottom
and tau Yukawa couplings gives independent support to the idea that Y
t
(M
Z
) = Y
QF
t
(M
Z
).[86,
45, 53, 46] Quantitatively, this conclusion depends on the values of 
s
(M
Z
) and m
b
(pole) and
on the threshold corrections to the relation Y
b
= Y

. Generically, however, strong interaction
renormalization eects for Y
b
are too strong and large top quark Yukawa coupling contribution
to the running of Y
b
is needed to balance them. For Y
b
= Y

within 10%, 
s
(M
Z
) > 0:11 and
m
b
(pole) < 5 GeV one gets m
t
 m
QF
t
within 10%.
zz
One can conclude that the possibil-
ity of m
t
 m
QF
t
is supported by several independent arguments (also models for dynamical
determination of Y
t
give values close to the IR xed point [87]).
So far we have been discussing the infra-red xed point structure in the MSSM with
perturbativity limit at M
GUT
. If the MSSM is embedded in a unied model, we can also
discuss physics at the scales from M
GUT
to M
P l
. Perturbativity limit should then be applied
at M
P l
and physics in the range M
GUT
to M
P l
may have very interesting aspects,too [88].
It is quite conceivable that the unied model is not only not asymptotically free but that the
gauge coupling has Landau pole at the Planck scale. Indeed, the -function coecient b
G
easily
reaches large positive values in the presence of a few heavy matter representations. Thus, the
intriguing possibility opens that physics at the GUT scale is determined by the gauge group
and the representation content, with no dependence on the parameters at M
P l
. Indeed, in the
limit b
G
!1:

G
=
1
b
G
t
G
; (t
G
=
1
2
log
M
P l
M
GUT
) (15)
and the value of Y
t
(M
GUT
) can be determined by its (quasi)-infra-red xed point structure at
M
GUT
. Using the same eqs.(9-13) but now for the running above the GUT scale and with the
coecients appropriate for the chosen unied model, for c
G
Y
t
(M
P l
)F (M
GUT
) >> 1 we have
Y
t
(M
GUT
)  Y
QF
t
(M
GUT
) =
E(M
GUT
)
c
G
F (M
GUT
)
= Y
F
t
(M
GUT
)
1
1 
h

G
(M
GUT
)

G
(M
Pl
)
i
1+
b
tG
b
G
(16)
yy
In this case the bottom pole mass may be signicantly dierent from the running mass due to the super-
symmetric loop corrections [77, 79]. Similar corrections may be even important for the Kobayashi-Maskawa
mixing angles [80]
zz
For large tan  this conclusion may be less strong.
In spite of a short range of the running given by t
G
 O(1), for large values of b
G
and with
Y
t
(M
P l
)  O(1) we indeed get the result of eq.(16). One should also stress that the values
Y
QF
t
(M
GUT
) remains large and therefore Y
t
(M
Z
) is still close to its QF point in the MSSM.
Infra-red xed point structure for the Yukawa coupling in the MSSM (or in GUTs) has
important implications for the running of the soft SUSY breaking terms[89] and for the elec-
troweak breaking.[90] In brief, some ratios of the soft SUSY breaking terms are similarly driven
to their infra-red xed point values,[45] e.g.
A
t
M
= const;
m
2
Q
+m
2
U
+m
2
H
2
M
= const (17)
and become independent of the initial conditions (here A
t
; M; m are the trilinear soft term,
gaugino mass and scalar masses, respectively). Eectively,this reduces the number of free
parameters of the model. Radiative electroweak breaking with the top quark Yukawa coupling
close to its IR xed point value has been studied in ref.[45, 79, 48].
Although the relevance of the infra-red xed point for the low energy physics still remains
a speculation, the idea is interesting enough to be worth further investigations. An attempt
has been recently made [91] to predict quark and squark masses from the infra-red xed point
structure in models with horizontal family symmetry [92].
3.3 ORIGIN AND PATTERN OF SOFT TERMS
The origin and pattern of soft supersymmetry breaking terms is closely related to the
mechanism of supersymmetry breaking which remains a fundamental open problem. At present,
the most attractive mechanism seems to be the one in which supersymmetry breaking is trans-
mitted from the hidden sector to the observable sector by the dilaton and moduli elds of
the eective supergravity (see e.g.[58, 93] and references therein. ) Here (as in the rest of
this talk) we concentrate mainly on phenomenological aspects of the problem. Recently, the
pattern of soft SUSY breaking terms has been vigorously discussed in the context of radiative
electroweak symmetry breaking and of avour non{conservation in avour changing neutral
current (FCNC) processes.
The observed suppression of FCNC transitions is nicely explained in the Standard Model
by GIM mechanism. At the same time it is a very strong constraint on physics beyond the
SM which, in general, may provide new mechanism for FCNC transitions. Supersymmetric
extensions of the SM do indeed contain additional contributions to FCNC transitions from
sfermion exchange in loop diagrams.[96, 85] Such eects are generically suppressed only as
O

M
Z
M
~
f

where M
~
f
is a typical sfermion mass matrix entry. They can be potentially dangerous
for FCNC transitions if, in the basis in which the fermion mass matrices are diagonal the
sfermion mass matrices have large avour o{diagonal entries. The simplest way out is to
assume that the soft scalar masses are avour diagonal and universal in an electroweak basis at
a large scale [4], as indeed happens in the dilaton{dominated supersymmetry breaking scenario
in supergravity (see e.g. [94] an references therein). This assumption has be widely used
in phenomenological study of the so{called minimal supergravity model i.e. the MSSM with
radiative electroweak breaking and initial (universal) conditions for the soft terms xed at the
GUT scale [90]. As mentioned earlier this model is strongly constrained (very few parameters).
As a reection of a sizable degree of ne{tuning, particularly in the very low and very large
tan  regions, it gives strong correlations in the low energy spectrum. Another important result
is the gaugino{like composition of the lightest neutralino which follows from   m
0
; M
1=2
,
as required for proper radiative breaking (the lightest neutralino is an interesting dark matter
candidate).
However, it has been recently emphasized that the universality ansatz at the GUT scale
seems too simplistic. At the rst place, it may be more natural to make assumptions about soft
terms at the Planck scale rather then at M
GUT
(although as long as we do not have a sound
theory of supersymmetry breaking one cannot exclude other possibilities, e.g. much lower
scales). In this case the running from M
P l
to M
GUT
in simple GUT models generically leads to
some well dened non-universality pattern for the soft terms at M
GUT
.[83] An important aspect
of this approach is its predictivity. Secondly, in string inspired supergravity models with moduli
contributing to supersymmetry breaking the soft terms are avour dependent (see e.g.[58, 93]
and references therein). Unfortunately, it is very dicult to get for them realistic preditions.
Moreover, on the phenomenological side it has been shown that, at least for the SUSY{
SO(10) model with the top {bottom{tau Yukawa unication (i.e. large tan ) universal initial
conditions at M
GUT
are incompatible with constraints from b! s decay and with the cosmo-
logical bound 
h
2
< 1 for the lightest stable particle (neutralino).[48, 84]
Phenomenological study of models with radiative electroweak breaking and non-universal
initial conditions has been conducted in a number of papers [82, 83, 48]. There are two im-
portant results. Firstly, one needs much less ne-tuning, particularly in the most interesting
regions of very low and very large tan . Even more importantly, qualitatively new solutions
are obtained with   M
1=2
i.e. with higgsino { like lightest neutralino and chargino. They
appear for certain pattern of non-universality [48] which happens to be the only one consistent
with the mentioned above constraints. It is interesting that this phenomenologically desired
pattern of non-universality follows [97] from the combination of the RG running from M
P l
to
M
GUT
in GUT models, with universal initial values at M
P l
, and of contributions given by the
D{term of broken U(1) in models like SO(10), with the reduction of the rank of the gauge group
by one at M
GUT
[98]. The new class of solutions opens interesting options for dark matter [99]
and it coincides with the best t to the electroweak data (Section2)!
Very little can at the moment be said about implications for models with radiative break-
ing of more general non-universal pattern potentially possible in supergravity models but here,
anyway, the main emphasize should rst be on the problem of FCNC to which we now return.
The course of the discussion of the FCNC transitions clearly depends on whether we
accept universality ansatz (i.e. say, the dilaton induced SUSY breaking) or not. In the rst
case, at the electroweak scale we obtain the avour dependent eects in the sfermion sector only
of the order of the Cabibbo{ Kobayashi{Maskawa mixing [100], consistently with observations.
Recently, very interesting progress has been achieved in studying such "minimal" FCNC eects
in the framework of GUTs [95]. The universlity ansatz is applied at the Planck scale. The
Grand Unied structure of the theory in the range from M
P l
to M
GUT
together with the large
top quark Yukawa coupling leads then to very interesting concrete low energy predictions, in
particular in the lepton sector. Their verication is within experimental reach.
If we abandon the universality ansatz (and after all the pattern of the quark masses
suggests some new family dependent interactions), we face the problem of explaining in another
way the observed at low energy approximate simultaneous diagonality, in the same basis, of the
fermion and sfermion mass matrices. So, the rst thing here is not to predict but to explain
this fermion{sfermion mass allignement. Suppose we start with sfermion mass matrices at
the large (GUT, Planck) scale such that diagonal and avour o{diagonal entries are of the
same order of magnitude. For squarks there is the possibility to wash out the avour non{
universality by large avour blind (strong interaction) renormalization eects in the running
from the scale where supersymmetry is broken to the low energy scale[101]. Such eects,
however, require large ratio of the gaugino to squarks masses at the GUT scale. The problem
is particularly severe for sleptons (avour blind renormalization is now electroweak) and one
needs then the gaugino dominated soft SUSY breaking (as in e.g. no{scale models [102]) to
confront the experimental constraints[101]. Of course, we are then back to universal (vanishing!)
initial scalar masses at the GUT scale, although with dierent theoretical motivation (gaugino
dominance is incompatible with dilaton breaking).
The most straightforward conclusion is that the low energy FCNC data suggest either
universal initial conditions { but why? (dilaton dominated supergravity? no{scale models?{the
motivation is not yet convincing enough) or some conspiracy (symmetry?[103]) between fermion
and sfermionmass generation which goes beyod the conventional supergravity models e.g. in the
direction of including family interactions (or maybe even inspires to look for new mechanisms
of supersymmetry breaking). Several ideas in this direction have been recently proposed such
as dynamical allignement of the fermion and sfermion mass matrices at the electroweak scale
[104], the relevance of the infra-red xed point structure in models with horizontal U(1) gauge
symmetry invoked to explain fermion masses [91] and supergravity models with such U(1)
symmetry [105]. It is fair to say that those (and other) ideas need further exploration.
4 SUMMARY
Important quantitative progress has been achieved in study of the MSSM both in its low en-
ergy and weak scale { GUT scale connection aspects. The most plausible parameter region has
been identied, with concrete predictions for the superpartner spectrum and for the pattern
of soft terms. The latter can be naturally accommodated in some GUT models but its deeper
understanding is still missing. The problem of supersymmetry breaking and the origin and
pattern of soft terms is no longer merely a theoretical problem but has its very constrained
phenomenological level.
I am grateful to all my collaborators for very enjoyable interactions.
References
[1] J.Wess and B.Zumino, Nucl.Phys. B70 (1974) 39.
[2] P.Fayet, Nucl.Phys. B90 (1975) 104;
P.Fayet, Phys.Lett 64B (1976) 159;
P.Fayet, Phys.Lett 69B (1977) 489;
P.Fayet, Phys.Lett. 84B (1979) 416;
P.Fayet, S.Ferrara, Phys.Rep. C32 (1977) 249.
[3] S.Ferrara, L.Girardello and F.Palumbo, Phys.Rev. D20 (1979) 403.
[4] S.Dimopoulos and H.Georgi, Nucl.Phys. B193 (1981) 150.
[5] N.Sakai, Z.Phys. C11 (1981) 153.
[6] L.Girardello and M.T.Grisaru, Nucl.Phys. B194 (1982) 65.
[7] E.Cremmer, S.Ferrara, L.Girardello, A.Van Proyen, Phys.Lett. B116 (1982) 231;
A.Chamsedine, R.Arnowitt, P.Nath, Phys.Rev.Lett. 49 (1982) 970;
R.Barbieri, S.Ferrara, C.Savoy, Phys.Lett. B119 (1982) 343;
H.P.Nilles, M.Srednicki, D.Wyler Phys.Lett. B120 (1983) 346;
L.J.Hall, J.Lykken and S.Weinberg, Phys.Rev D27 (1983) 2359.
[8] L.Maiani, Proceedings of the Summer School of Gif-sur-Yvette Paris (1980);
M.Veltman, Acta Phys. Pol. B12 (1981) 437.
[9] S.Dimopoulos, S.Raby, F.Wilczek, Phys.Rev D24 (1981) 1681.
[10] L.Ibanez, G.G.Ross, Phys.Lett. B105 (1981) 439;
M.B.Einhorn, D.R.T.Jones, Nucl.Phys. B196 (1982) 475;
W.J.Marciano, G.Senjanovic, Phys.Rev. D25 (1982) 3092.
[11] W.Ockham (1330).
[12] Y.Okada, M.Yamaguchi, T.Yanagida, Prog.Theor.Phys. 85 (1991) 1;
H.E.Haber, R.Hemping, Phys.Rev.Lett. 66 (1991) 1815;
J.Ellis, G.Ridol, F.Zwirner, Phys.Lett. B257 (1991) 83;
R.Barbieri, M.Frigeni, F.Caravaglios, Phys.Lett. B258 (1991) 167;
for complete one-loop calculation see:
P.H.Chankowski,J.Rosiek, S.Pokorski, Phys.Lett. B274 (1992) 191 and Nucl.Phys. B423
(1994) 437;
A.Dabelstein, Univ. Karlsruhe preprint, hep-ph/9409375.
[13] R.Hemping, A.H.Hoang, Phys.Lett. B331 (1994) 99;
J.Kodaira, Y.Yasui, K.Sasaki, Phys.Rev. D50 (1994) 7035;
J.A.Casas, J.R.Espinosa, M.Quiros, A.Riotto, Nucl.Phys.B436 (1995) 3; (E)B439 (1995)
466;
M.Carena, J.R.Espinosa, M.Quiros, C.E.M.Wagner, Phys.Lett. B335 (1995) 209;
M.Carena, M.Quiros, C.E.M.Wagner, CERN-TH/95-157, hep-ph/9508343.
[14] J. Ellis, G.L. Fogli, E. Lisi Phys. Lett. 292B (1992) 427, 318B (1993) 375.
[15] J. Ellis, G.L. Fogli, E. Lisi Phys. Lett. 324B (1994) 173; 333B (1994) 118;
J. Ellis, talk presented at the Int. Conference on Physics Beyond the Standard Model IV,
Lake Tahoe, CA, December 1994.
[16] G. Altarelli, R. Barbieri Phys. Lett. 253B (1991) 161,
G. Altarelli, R. Barbieri, S. Jadach Nucl. Phys. B369 (1992) 3.
[17] J.Erler, P. Langacker, Phys.Rev. D52 (1995) 441.
[18] The LEP Electroweak Working Group, CERN preprint CERN/PPE/94-187,
LEPEWWG/95-01
[19] P.H.Chankowski and S.Pokorski, Phys.Lett. B356 (1995) 307.
[20] K. Abe et al, The SLD Collaboration Phys. Rev. Lett. 70 (1993) 2515, 73 (1994) 25.
[21] U. Uwer talk at XXX Rencontres de Moriond, March 1995,
K. Einsweiler talk at the 1995 APS Meeting, Washington, D.C. F.Abe et al., The CDF
Collaboration, Report FERMILAB-PUB -95-033 (1995), to appear in Phys.Rev. D
[22] F. Abe et al, The CDF Collaboration Phys. Rev. Lett. 74 (1995) 2676 ;
S. Abachi et al., The D0 Collaboration Phys. Rev. Lett. 74 (1995) 2632.
[23] S. Eidelman, F. Jegerlehner Paul Scherer Institute preprint, PSI-PR-95-1, January 1995,
H. Burkhard, B. Pietrzyk talk at XXX Rencontres do Moriond, March 1995.
[24] P.H.Chankowski, S.Pokorski, preprint MPI-PTh/95-49, hep-ph 9505308, to be published
in Phys.Lett.B.
[25] J.Ellis, G.L.Fogli, E.Lisi, preprint CERN-TH/95-202, BARI-TH/ 211-95.
[26] G. Altarelli in Proc. of the 1992 Aachen Workshop, eds P. Zerwas and H. Kastrup, World
Scientic, Singapore 1993, vol.1 p. 172,
S. Bethke talk at Rencontres de Moriond, March 1995.
[27] A. Blondel, C. Verzegnassi Phys. Lett. 311B (1993) 346.
[28] M. Shifman Univ. of Minnesota preprint TPI-MINN-94/42-T (1994).
[29] D.Garcia, J.Sola, University of Barcelona preprint UAB-FT-358, January 1995.
[30] For preliminary results see: S. Pokorski, P. Chankowski contribution to the Int. Conf.
\Beyond the Standard Model IV", Lake Tahoe, CA, December 1994, Warsaw University
preprint IFT-95/5, March 1995, to appear in the Proceedings; the results presented there
are based on the electroweak data shown at the Glasgow IHEP Conference, July 1994.
[31] G.L. Kane, R.G. Stuart, J.D. Wells University of Michigan preprint UM-TH-95-16, April
1995.
[32] A.Dabelstein, W.Hollik, to be published.
[33] P. Langacker, M. Luo Phys. Rev. D44 (1991) 817.
[34] J. Ellis, G.L. Fogli, E. Lisi Phys. Lett. 286B (1992) 85, Nucl. Phys. B393 (1993) 3.
[35] G. Altarelli, R. Barbieri F. Caravaglios Nucl. Phys. B405 (1993) 3, Phys. Lett. 314B
(1993) 357.
[36] M. Carena C.E.M. Wagner CERN preprint CERN-TH-7393/94.
[37] M. Bohm, W. Hollik, H. Spiesberger, Fort. Phys. 34 (1986) 687,
W. Hollik Fort. Phys. 38 (1990) 165.
W.Hollik, Munich preprint MPI-Ph/93-21/22, April 1993
[38] P.H. Chankowski, S. Pokorski, J. Rosiek Nucl. Phys. B423 (1994) 437.
[39] P.H. Chankowski et al. Nucl. Phys. B417 (1994), 101.
[40] M. Boulware, D. Finnell Phys. Rev. D44 (1991) 2054.
[41] J.Rosiek, Phys.Lett. B252 (1990) 135;
A.Denner et al., Z.Phys. C51 (1991) 695.
[42] G.L. Kane C. Kolda J.D. Wells, Phys. Lett. 338B (1994) 219.
[43] R. Barbieri, G.F. Giudice Phys. Lett. 309B (1993) 86.
[44] A. Buras, M. Misiak, M. Munz, S. Pokorski Nucl. Phys. B424 (1994) 376.
[45] M. Carena, S. Pokorski, C.E.M. Wagner Nucl. Phys. B406 (1994) 59;
M.Carena, M.Olechowski, S.Pokorski, C.E.M.Wagner,Nucl.Phys. B419 (1994) 213.
[46] W. Bardeen, M. Carena, S. Pokorski, C.E.M. Wagner Phys. Lett. 320B (1994) 110.
[47] M. Olechowski, S. Pokorski Phys. Lett. 214B (1988) 393,
G.F. Giudice, G. Ridol Z. Phys. C41 (1988) 447,
B. Ananhtarayan, G. Lazarides, Q. Sha Phys. Rev. D44 (1991) 1613,
S. Dimopoulos, L.J. Hall, S. Raby Phys. Rev. Lett. 68 (1992) 1984, Phys. Rev.D45 (1992)
4192.
[48] M.Olechowski, S.Pokorski, Phys.Lett. 344B (1995) 201.
[49] D. Garcia, A. Jimenez, J. Sola Phys. Lett. 347B (1995) 309, 321.
[50] D. Garcia, J. Sola University of Barcelona preprint UAB-FT-365, May 1995.
[51] H. Georgi, S.L. Glashow Phys. Rev. Lett. 32 (1974) 438,
H. Georgi, H.R. Quinn, S. Weinberg Phys. Rev. Lett. 33 (1974) 451.
[52] J. Ellis, S. Kelley, D.V. Nanopoulos Phys. Lett. 260B (1991) 131,
P. Langacker, M. Luo Phys. Rev. D44 (1991) 817,
F. Anselmo, L. Cifarelli, A. Peterman, A. Zichichi Nuovo Cimento 104A (1991) 1817,
105A (1992) 581,
U. Amaldi, W. de Boer, H. Furstenau Phys. Lett. 260B (1991) 447.
[53] P. Langacker, N. Polonsky Phys. Rev. D47 (1993) 4028, D49 (1994) 1454.
[54] G.G. Ross, R.G. Roberts Nucl. Phys. B377 (1992) 571.
[55] L.E. Iba~nez Phys. Lett. 318B (1993) 73.
[56] V.S. Kaplunovsky Nucl. Phys. B307 (1988) 145, Erratum Nucl. Phys. B382 (1992) 436,
[57] L.E. Iba~nez, D. Lust, G.G. Ross Phys. Lett. 272B (1991) 251,
L.E. Iba~nez, D. Lust Nucl. Phys. B382 (1992) 305.
[58] A. Brignole, L.E. Iba~nez, C. Mu~noz Nucl. Phys. B422 (1994) 125, Erratum B436 (1995)
74.
[59] V.S. Kaplunovsky, J. Luis Phys. Lett. 306B (1993) 269.
[60] E. Kiritsis, C. Kounnas Nucl. Phys. B442 (1995) 125.
[61] K.R.Dienes, A.E.Faraggi, hep-th/9505018 and 9505046.
[62] A.E. Faraggi, B. Grinstein Nucl. Phys. B422 (1994) 3.
[63] P.H. Chankowski, Z. P luciennik, S. Pokorski Nucl. Phys. B439 (1995) 23.
[64] R. Barbieri, P. Ciafaloni, A. Strumia Nucl. Phys. B442 (1995) 461.
[65] J. Bagger, K. Matchev, D. Pierce, Johns Hopkins Univ. preprint JHU-TIPAC-95001 (1995).
[66] P.H.Chankowski, Z.Pluciennik, S.Pokorski, C.E.Vayonakis, MPI-PTh/95-58, hep-ph
9506393.
[67] M. Olechowski, S. Pokorski Nucl. Phys. B404 (1993) 590.
[68] J. Hisano, H. Murayama, T. Yanagida Phys. Rev. Lett. 69 (1992) 1014, Nucl. Phys. B402
(1993) 46,
J. Hisano, T. Moroi, K. Tobe, T. Yanagida Tohoku Univ. preprint TU-470 (February 1995).
[69] Y. Yamada Z. Phys. C60 (1993) 83.
[70] B.D. Wright Univ. of Wisconsin preprint MAD/PH/812, (1994).
[71] L.J. Hall, U. Sarid Phys. Rev. Lett. 70 (1993) 2673.
[72] D. Ring, S. Urano, R. Arnowitt Texas A & M Univ. preprint CTP-TAMU-01/95 (1995)
T. Dasgupta, P. Mamales, P. Nath Northeastern University preprint 1995, hep-ph 9501325.
[73] B.Pendleton, G.G.Ross, Phys.Lett. B98 (1981) 291;
see also W.Zimmermann, Comm.Math.Phys.97 (1985) 211;
J.Kubo, K.Sibold, W.Zimmermann, Phys.Lett.B200 (1989) 191.
[74] L.Ibanez, C.Lopez, Nucl.Phys.B233 (1984) 511;
L.Ibanez, C.Lopez, C.Munoz, Nucl.Phys.B256 (1985) 218;
J.P.Derendinger, C.A.Savoy, Nucl.Phys.B237 (1984) 307;
A.Bouquet, J.Kaplan, C.A.Savoy, Nucl.Phys.B262 (1985) 299.
[75] C. T. Hill, Phys. Rev.D24 (1981) 691;
C. T. Hill, C. N. Leung and S. Rao, Nucl. Phys.B262 (1985) 517.
[76] L.Alvarez-Gaume, J.Polchinski, M.B.Wise, Nucl.Phys. (1983) 495;
I.Bagger, S.Dimopoulos, E.Masso, Phys.Rev.Lett. 55 (1985) 920;
M.Olechowski, S.Pokorski, Phys.Lett.B257 (1991) 388;
C.D.Frogatt, I.D.Knowles, R.G.Moorhouse, Glasgow University preprint GUTPA/90/6-1
(1990);
M.Carena, T.E. Clark, C.E.M. Wagner, W.A.Bardeen, K.Sasaki, Nucl.Phys.B369 (1992)
33.
[77] L.J.Hall, R.Rattazzi, U.Sarid, Phys.Rev.D50 (1994) 7048;
R.Hemping, Phys.Rev.D49 (1994) 6168.
[78] G.W. Anderson, S. Raby, S. Dimopoulos and L.J. Hall, Phys.Rev.D47 (1993) 3702;
G.W. Anderson, S. Raby, S. Dimopoulos, L.J. Hall and G.D. Starkman, Phys.Rev.D49
(1994) 3660;
L.Hall, S.Raby, preprint OHSTPY-HEP-T-94-023, hep-ph 9501298.
[79] M. Carena, M. Olechowski, S. Pokorski and C. Wagner, Nucl.Phys.B426 (1994) 269.
[80] T.Blazek, S.Raby, S.Pokorski, hep-ph 9504364.
[81] T. Banks, Nucl.Phys.B303 (1988) 172;
S. Pokorski, \How is the isotopic symmetry of quark masses broken?", in Proc. XIIth
Int. Workshop on Weak Interactions and Neutrinos, Ginosar, Israel,Nucl. Phys. (Proc.
Supp.)B13 (1990) 606;
H.P. Nilles, "Beyond the Standard Model", in Proceedings of the 1990 Theoretical Ad-
vanced Study Institute in Elementary Particle Physics, p. 633; Eds. M. Cvetic and P.
Langacker, World Scientic;
P.H. Chankowski, Diploma Thesis (1990), University of Warsaw;
A. Seidl, Diploma Thesis (1990), Technical University, Munich;
W. Majerotto and B. Mosslacher, Z.Phys.C48 (1990) 273;
M. Drees and M.M. Nojiri, Nucl.Phys.B369 (1992) 54;
B. Ananthanarayan, G. Lazarides and Q. Sha, Phys.Lett.B300 (1993), 245.
[82] D. Matalliotakis and H.P. Nilles, Nucl.Phys.B435 (1995) 115;
R. Hemping, DESY preprint 94-078 (1994);
A. Leyda and C. Munoz, Phys.Lett.B317 (1993) 82;
T. Kobayashi, D. Suematsu and Y. Yamagishi, Kanazawa report KANAZAWA{94{06,
hep{ph 9403330;
R. Rattazzi, U. Sarid and L.J. Hall, SU{ITP{94/15, hep{ph 9405313, to be published in
the proceedings of the second IFT Workshop on Yukawa couplings and the origin of mass,
February 1994 Gainesville, Florida;
Y. Kawamura, H. Murayama and M. Yamaguchi, Phys.Lett.B324 (1994) 52; Phys.Rev.
D51 (1995) 1337;
M. Carena and C. Wagner, preprint CERN{TH.7321/94 (1994), to be published in the
proceedings of the second IFT Workshop on Yukawa couplings and the origin of mass,
February 1994 Gainesville, Florida;
[83] N. Polonsky and A. Pomarol, Phys.Rev.Lett.73 (1994) 2292;
N. Polonsky and A. Pomarol, University of Pennsylvania preprint UPR{0616{T (1994).
[84] F. Borzumati, M. Olechowski and S. Pokorski, Phys.Lett. B244 (1995) 311.
[85] S.Bertolini, F.Borzumati, A.Masiero and G.Ridol, Nucl.Phys. B353 (1991) 591.
F.Gabbiani, A.Masiero, Nucl.Phys.B322 (1989) 235;
J.Hagelin, S.Kelley, T.Tanaka, Nucl.Phys.B415 (1994) 293.
[86] H. Arason, D. J. Casta~no, B. Keszthelyi, S. Mikaelian, E. J. Piard, P. Ramond and B. D.
Wright, Phys. Rev. Lett. 67 (1991) 2933;
S. Kelley, J.L. Lopez and D.V. Nanopoulos, Phys. Lett.B278 (1992) 140;
V. Barger, M.S. Berger and P. Ohmann, Phys. Rev.D47 (1993) 1093;
V. Barger, M.S. Berger,P. Ohmann and R.J.N. Phillips, Phys.Lett. B314 (1993) 35.
[87] C.Kounas, F.Zwirner, I.Pavel, Phys.Lett.B335 (1994) 403;
P.Binetruy, E.Dudas, Phys.Lett.B338(1994) 23.
[88] M.Lanzagorta, G.G.Ross, Phys.Lett.B349 (1995) 319.
[89] K. Inoue, A. Kakuto, H. Komatsu and S. Takeshita, Prog. Theor. Phys. 67 (1982) 889 and
68 (1983) 927;
J.P. Derendinger and C.A. Savoy,Nucl. Phys.B253 (1985) 285;
B. Gato, J. Leon, J. Perez{Mercader and M. Quiros, Nucl. Phys. B253 (1985) 285;
N.K. Falck, Z. Phys. C30 (1986) 247.
[90] L.E. Ibanez and G.G. Ross, Phys.Lett.B110 (1982) 215;
K. Inoune et al.,Prog. Theor. Phys.68 (1982) 927;
L. Alvarez{Gamume, J. Polchinsky and M. Wise, Nucl.Phys.B221 (1983) 495;
J. Ellis, J. Hagelin, D. Nanopoulos and K. Tamvakis, Phys.Lett.B125 (1983) 275;
L.E. Ibanez and G. Lopez, Nucl.Phys.B233 (1984) 411. For the most recent results see:
R. Arnowitt and P. Nath, Phys.Rev.Lett.69 (1992) 1014; Phys.Lett.B287 (1992) 89 and
B289 (1992) 368;
M. Olechowski and S. Pokorski,Nucl. Phys.B404 (1993) 590;
M. Carena, M. Olechowski, S. Pokorski and C. Wagner, Nucl.Phys.B419 (1994) 213 and
B426 (1994) 269;
V. Barger, M.S. Barger and P. Ohmann, University of Wisconsin{Madison preprint,
MAD/PH/801 (1994);
G.L. Kane, C. Kolda, L. Roszkowski and J.D. Wells, Phys.Rev.D50 (1994) 3498;
W.de Boer, R.Ehret, D.I.Kazakov, Phys.Lett.B334(1994) 22;
W.de Boer, G.Burkart, R.Ehret, W.Oberschulte-Beckmann, V.Bednyakov, S.G. Ko-
valenko, preprint IEKP-KA/95-07.
[91] G.G.Ross, Cern-Th.45-162;
M.Lanzagorta, G.G.Ross, Cern-Th-161.
[92] C.D.Frogatt, H.B.Nielsen, Nucl.Phys.B147 (1979) 277; B164 (1979) 144;
J.Harvey, P.Ramond, D.Reiss, Phys.Lett.B92 (1980) 309;
S.Dimopoulos, Phys.Lett.B129 (1983) 417;
C.Wetterich, Nucl.Phys.B261 (1985) 461;
A.Farragi, Phys.Lett.B278 (1992) 131;
Y.Nir, N.Seiberg, Phys.Lett.B309 (1993) 337;
M.Leurer, Y.Nir, N.Seiberg, Nucl.Phys.B420 (1994) 468;
L.Ibanez, G.G.Ross, Phys.Lett.B332 (1994) 100;
P.Binetruy, P.Ramond, Phys.Lett.B350 (1995) 49;
P.Binetruy, E.Dudas, Nucl.Phys.B442 (1995) 21;
V.Jain, R.Shrock, Phys.Lett.B352 (1995)
E.Dudas, S.Pokorski, C.A.Savoy, Phys.Lett.B356 (1995) 45;
Y.Nir, Phys.Lett.B354(1995) 107
[93] S.Ferrara, C.Kounnas, F.Zwirner, Nucl.Phys.B429 (1995) 589;
[94] R.Barbieri, J.Louis, M.Moretti, Phys.Lett. B312 (1993) 451.
[95] S.Bertolini, A.Masiero, Phys.Lett.B174 (1986) 343;
R.Barbieri, L.J.Hall, Phys.Lett.B338 (1994) 212;
R.Barbieri, L.J.Hall, A.Strumia, preprint IFUP-YH 72/94 (1995) and Nucl.Phys.B449
(1995) 437.
[96] J.Ellis, D.V.Nanopoulos, Phys.Lett.B110 (1982) 211;
R.Barbieri,R.Gatto, Phys.Lett.B110 (1982) 211;
M.J.Duncan, Nucl.Phys.B221 (1983) 285;
M.Dugan, B.Grinstein, L.J.Hall, Nucl.Phys.B255 (1985) 413;
L.J.Hall, V.A.Kostelecky, S.Raby, Nucl.Phys.B267 (1986) 415;
S.Bertolini, F.Borzumati, A.Masiero, Phys.Lett. B192 (1987) 437.
[97] H.Murayama, M.Olechowski, S.Pokorski, to be published.
[98] M.Drees, Phys.Lett.B181 (1986) 279;
J.S.Hagelin, S.Kelly, Nucl.Phys.B342 (1990) 95;
A.E.Faraggi, J.S.Hagelin, S.Kelly, D.V.Nanopoulos, Phys.Rev.D45 (1992) 3272;
Y.Kawamura, H.Murayama, M.Yamaguchi, Phys.Rev. D51 (1995) 1337.
[99] V.Berezinsky, A.Bottino, J.Ellis, N.Fornengo, G.Mignola, S.Scopel, CERN-Th 95-206.
[100] J.Donoghue, H.P.Nilles, D.Wyler, Phys.Lett.B128 (1983) 55;
A.Bouquet, J.Kaplan, C.A.Savoy, Phys.Lett.B148 (1984) 69.
[101] M.Dine, A.Kagan, S.Samuel, Phys.Lett.243 (1990) 250;
A.Brignole, L.E.Ibanez, C.Munoz, Nucl.Phys.B422 (1994) 125;
D.Choudhury et al., Phys.Lett.B342 (1995) 180;
P.Brax, M.Chemtob, Phys.Rev.D51 (1995) 6550;
P.Brax, C.A.Savoy, Nucl.Phys.B (1995);
B.de Carlos, J.A.Casas, J.M.Moreno, preprint IEM-FT-108/95, OUTP-95-29P.
[102] D.V.Nanopoulos, hep-ph/9411281.
[103] M.Leurer, Y.Nir, N.Seiberg, Nucl.Phys.B398 (1993) 319 and B420 (1994) 468.
[104] S.Dimopoulos, G.Giudice, N.Tetradis, CERN-Th/95-90.
[105] E.Dudas, S.Pokorski, C.A.Savoy, to be published.
